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Summary

This study was designed in an attempt to iden-
tify the risk factors that could be significantly as-
sociated with angiographic recurrences after se-
lective endovascular treatment of aneurysms
with inert platinum coils. A retrospective analy-
sis of all patients with selective endovascular coil
occlusion of intracranial aneurysms was pro-
spectively collected from 1999 to 2003. There
were 455 aneurysms treated with inert platinum
coils and followed by digital subtraction angiog-
raphy. Angiographic results were classified ac-
cording Roy and Raymond’s classification. Re-
currences were subjectively divided into minor
and major. The most significant predictors for
angiographic recurrences were determined by
ANOVAs logistic regression, Cochran-Mantel-
Haenszel test, Fisher exact probability. Short-
term (4.3+1.4 months) follow-up angiograms
were available in 377 aneurysms, middle-term
(14.1+4.0 months) in 327 and long-term
(37.4x11.5 months) in 180. Recurrences were
found in 26.8% of treated aneurysms with a
mean of 21+15.7 months of follow-up. Major re-
currences needing retreatment were present in
8.8% during a mean period follow-up of
17.9+12.29 months after the initial endovascular
treatment. One patient (0.2%) experienced a
bleed during the follow-up period. Recurrences
after endovascular treatment of aneurysms with
inert platinum coils are frequent, but hemor-
rhages are unusual. Single aneurysm, ruptured

aneurysm, neck greater than 4 mm and time of
follow-up were risk factors for recurrence after
endovascular treatment. The retreatment of re-
current aneurysm decreases the risk of major
recurrences 9.8 times. Long-term angiogram
monitoring is necessary for the population with
significant recurrence predictors.

Introduction

Endovascular therapy with platinum coil has
been performed with success since the early
1990s as an alternative to surgical clipping '
and nowadays this technique is currently used
57. The goal of intracranial aneurysms treat-
ment (whatever the technique — surgical or en-
dovascular) is to completely isolate the aneu-
rysmal sac from the normal cerebral circula-
tion. Randomized studies comparing endovas-
cular and surgical approaches of intracranial
aneurysms have shown better clinical out-
comes for the group of patients treated by em-
bolization of the aneurysmal sac with platinum
coils 9.

Unfortunately, the endovascular technique
was found to be less definitive than surgical
clipping, due to the high rate of long-term angi-
ographic recurrences 111, The mechanisms in-
volved in the recurrences of aneurysms have
not been well determined yet 1213, Due to this
limitation of the coiling technique, long-term
monitoring imaging protocols have been estab-
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lished to follow the angiographic evolution of
the embolized aneurysms #15. Many factors
have been implicated in the mechanism of an-
giographic recurrences after coil embolization.
Among them: treatment after acute rupture,
aneurysm size, incomplete angiographic occlu-
sion !, and the embolized volume of the aneu-
rysm (volume of coils/volume of the aneurys-
mal sac) 1617,

New embolic devices have been proposed to
increase the long-term efficacy of endovascular
treatment, such as bioabsorbable polymers 1820,
hydrophilic polymer coils 2123, and liquid agents
2425, However, there might be a need to identify
a population with characteristics that lead to a
higher risk of recurrence, or, contrarily a sub-
population of patients in whom recurrences are
unlikely.

This study was designed in an attempt to
identify the risk factors that could be signifi-
cantly associated with angiographic recurrenc-
es after selective endovascular treatment of an-
eurysms with inert platinum coils.

Materials and Methods

Patient Population

All patients with intracranial aneurysms
treated by endovascular treatment with de-
tachable coils, between January 1999 and De-
cember 2003, were revised.

The data collection was retrospectively ob-
tained by extensive medical records review.
There were ruptured and unruptured lesions.
There were strict inclusion criteria. Selective
endosaccular platinum coil occlusion was per-
formed in 549 patients with 638 aneurysms. No
alternative device was accepted except remod-
eling technique and inert platinum coils. Out
of these patients, 34 patients died (5.5%) (one
patient with two aneurysms), 32 patients had
ruptured aneurysms and two had unruptured
lesions. One hundred and forty patients with
148 aneurysms (21.9%) were not controlled.
The main reason for exclusion was a planned
follow-up, but not yet performed, in 65 cases
(10.2%), followed by 59 (9.2%) aneurysms
controlled in other institutions (without the
same working projections), and patients were
lost — 14 (2.2%) or refused — ten (1.6%) the
follow-up. Finally, a total of 391 patients with
455 aneurysms were treated and controlled
and were the subjects of this study.

Demographic Data

The demographic data included age, sex, his-
tory of subarachnoid hemorrhage (SAH) or
not, presence of multiple aneurysms, treatment
during early or late phase after SAH, and Hunt
and Hess grades at the time of treatment. Out
of 391 patients followed, the mean+SD age was
48+12.8 years (15 to 91 years) and 68.3% of pa-
tients were women. The mean+SD age of fe-
male patients was 48+13.2 years and the
mean+SD age of male patients was 49+12.1
years. The majority of patients with ruptured
aneurysms were treated in the acute phase
(95.8%). The Hunt and Hess grades at the time
of treatment in the ruptured group were grade
I-II in 61.3%, grade III in 22.6% and IV-V in
16.1%. Patients presented multiple aneurysms
in 115 cases with a total of 154 lesions (29.4%).
Out of those, 132 aneurysms were treated by
endovascular technique or by surgical clipping
of other lesions at different times or not. Some
lesions were not treated because they were
considered to be very small and they were an-
giographically followed up. Out of the aneu-
rysms treated by endovascular approach, one
aneurysm was found in 340 patients; two aneu-
rysms in 39 patients; three aneurysms in 11 pa-
tients; and four aneurysms in one patient.

Endovascular Treatment

All 455 aneurysms included in this study
were treated exclusively with inert platinum
coils. Four brands of coils were used: Guglielmi
detachable coils (GDC; Boston Scientifics/Tar-
get, Fremont, CA, USA), Sapphire (Micro
Therapeutics Inc., Irvine, CA, USA) and its
earlier models (Dendron GmbH, a subsidiary
of Micro-Therapeutics, Inc, Bochum, NRW,
Germany), Microplex (Microvention, Aliso
Viejo, CA, USA) and Trufill DCS detachable
coil (Cordis, Miami Lakes, FL, USA). The com-
bination of more than one brand during the en-
dovascular treatment was frequently applied,
usually based on the experience of the en-
dovascular surgeon concerning shape and soft-
ness. In total, 2,692 coils were used, varying
from one to 29 coils per aneurysm with a
mean+SD of 5.9+4.76 coils per aneurysm. Bal-
loon-assisted coil embolization (remodeling
technique) was performed in 168 cases (36.9%),
107 cases being for unruptured aneurysms and
61 cases for ruptured aneurysms. Most aneu-
rysms were treated only once (98.9%), 0.9%
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were treated twice and 0.2% three times to ob-
tain a satisfactory angiographic result. Patients
with failure of coil embolization were sent to
surgical clipping or a parent-vessel occlusion
was performed when it was possible and they
were excluded from this study. Patients with
major recurrence were most often re-treated
with coiling (99.8%). Only one patient was re-
treated by surgical clipping. A total of 510 en-
dovascular procedures were performed during
the four years of the study, including retreat-
ments.

Aneurysmal Characteristics

Aneurysmal characteristics comprised the
ruptured/unruptured nature of the lesion, as
well its anatomical features — long axis, neck
size, and location. Among the 455 intracranial
aneurysms, 261 were ruptured (57.4%), and 194
were unruptured. From a total of 194 unrup-
tured aneurysms, 56 (28.9%) demonstrated
SAH from another aneurysm and 261 had a
history of SAH (ruptured aneurysms). Based
on the 3D reconstruction, the largest aneurys-
mal diameter was measured in millimeters, and
classified as: small (< 7 mm), medium (7 to 12
mm), large (13 to 24 mm), and giant (25 mm).
The mean +SD diameter of the all aneurysmal
sacs was 7+4.62 mm (2 to 70 mm), being
6.8+3.21 mm (2 to 20 mm) for the ruptured an-
eurysms, and 7.4+6.01 mm (2.3 to 70 mm) for
the unruptured lesions. The aneurysmal neck
was measured based on the optimal projections
to visualize the neck of the aneurysm and clas-
sify it as small (<4 mm) or large (>4 mm). The
mean+SD aneurysmal neck was 3.6+1.64 (1 to
11.6 mm) for all patients, being 3.3+1.36 mm
(1.1 to 11.3 mm) for ruptured, and 4.1+1.87 mm
(1 to 11.6 mm) for unruptured aneurysms. The
ratio aspect (RA) was calculated for all cases
and classified in <2 and >2. The mean+SD RA
was 2+0.76 (0.9 to 6.5) for all patients, being
2.1+0.72 RA (0.9 to 5.2) for ruptured, and
1.8+0.76 RA (0.9 to 6.5) for unruptured aneu-
rysms. The location was divided into: internal
carotid artery (ICA); middle cerebral artery
(MCA); anterior cerebral artery (ACA), verte-
brobasilar system (VB). The most frequent site
was ICA with 151 aneurysms (33.2%), where
81 were ruptured and 70 unruptured, followed
by the ACA and MCA with 28.8% and 28.6%
respectively. The less frequent site was VB sys-
tem with 43 aneurysms (9.4%), 23 were rup-
tured and 20 unruptured.

Angiographic Results

The following data were provided by the
four senior interventional neuroradiologists of
the department, they were followed at least
once by digital subtracted angiography (DSA).
The immediate angiographic results and the
follow-up was obtained by any one of these
four interventional neuroradiolgists, meaning
that angiographic assessment was not necessar-
ily performed by the physician who initially
was responsible for the endovascular proce-
dure. A blinded review was performed by the
first author and if a different answer was found
a new review was done together with one sen-
ior. The last patient included in this study was
in December 2003, permitting at least a four-
year-angiography follow-up. The degree of oc-
clusion post embolization was classified ac-
cording to Roy and Raymond 3: class I mean-
ing complete occlusion; class II, residual neck
and class III, residual aneurysm. Recurrence
was defined when there was any growth of an-
giographic opacification of the aneurysm previ-
ously treated, or when any change in class
(I->11, I-III, or II-II) occurred and they
were classified in minor and major. The classifi-
cation of minor recurrence was applied when
an aneurysmal neck or sac showed growth at
the time of any angiographic control and this
modification remained unchanged in the subse-
quent angiograms, also when the recanalization
could not permit any retreatment. Major recur-
rence was considered when the growth of the
aneurysmal neck or sac evolved, changing more
than 2 mm in the subsequent follow-up angi-
ograms, and would allow (theoretically) a re-
treatment with coils. All the aneurysms with
major recurrence in our series were retreated.
The number of months between treatment and
the first follow-up angiogram showing the re-
currence was analyzed.

Angiographic Follow-up

The protocol of angiographic follow-up after
embolization was one to six months (short-
term), seven to 24 months (middle-term) and
more than 24 months (long-term). Angiograph-
ic follow-up consisted in antero-posterior, later-
al and the same working projections used at the
time of the treatment, which were determined
according to the patient’s bony landmarks de-
fined during the endovascular procedure. Some
patients had more than one control during each
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follow-up, especially patients with multiple an-
eurysms. Our protocol only considered DSA for
evaluation of the aneurysmal evolution over
time. Short-term follow-up angiograms were
available in 377 aneurysms, medium-term in 327
aneurysms, and long-term in 180 aneurysms for
a total of 885 angiograms evaluated in a total
period of 12,973 months of follow-up (mean
21+15.7 months). Additional clinical data were
collected for each patient during hospitalization
for DSA follow-up or when it was not possible
by telephone interview. New neurological epi-
sodes or rebleeding were recorded. The total
number of months of angiographic follow-up
for each patient was recorded. The mean clinical
follow-up was 39.21 months.

Statistical Analysis

The data were analyzed in SAS (version 8.2)
and the most significant predictive data of an-
giographic recurrence were determined by us-
ing logistic regression, ANOVAs for quantita-
tive variables, Cochran-Mantel-Haenszel test
for semi-quantitative variables, Fishers’exact
probability for dichotomies and X? test for pa-
rameter-free. When two or more aneurysms
were present in the same patient, they were
considered separately for statistical evaluation.
Aneurysmal dimensions and time were studied
as continuous variables. These variables were
also analyzed by groups (size of aneurysmal
sac: small, medium, large, and giant aneurysms;
size of neck: small and large; and RA: <2 and
>?2). Patients were also subdivided into three
groups according to the duration of angio-
graphic follow-up: short-term included aneu-
rysms with one to six months of angiographic
follow-up; medium-term were aneurysms with
seven to 24 months; and long-term were those
with more than 24 months. The significant P
value considered was 0.05.

Table 1 Angiographic class during overall angiograms control.

Results

Angiographic Results

Most aneurysms were controlled once or
twice; 153 aneurysms had only one control, 158
aneurysms had two controls and 144 aneu-
rysms had three to five controls (total of 885
studies for 455 aneurysms). Neurological com-
plications during the follow-ups occurred in
two patients (0.2% of the follow-ups and 0.4%
of patients). The mean follow-up was 2.1 angi-
ograms by aneurysm in the group studied and
3.2 angiograms in the group retreated. The de-
gree of aneurysmal occlusion achieved by en-
dovascular coil embolization at the end of the
procedures and during the follow-up angi-
ograms is presented in Table 1. Short-term an-
giographic evaluation was performed in 377
cases (82.8%) during a total of 1,526 months
(mean of 4.3+1.4 months). Medium-term angi-
ographic follow-up was performed in 327 an-
eurysms (71.9%) out of the 455 aneurysms fol-
lowed in a total of 4,755 months (mean of
14.1+4.0 months). Long-term angiographic fol-
low-up was performed in 180 aneurysms
(39.6%) in a total of 6,696 months (mean of
37.4+11.5 months). Eight ruptured aneurysms
with class III at the end of the procedures and
stable angiographic follow-up were submitted
to a complementary treatment until three
months after the first procedure.

Recurrences

Recurrences were found in a total of 122
among the 445 cases (26.8%) of treated aneu-
rysms with a mean of 21+15.7 months of fol-
low-up. Most cases of recurrence occurred in
the first six months of follow-up (Figure 1).
The mean+SD of months between treatment
and follow-up showing recurrence was
11.2+11.15 months (one to 72 months). In the

J.R. Vanzin

/ Initial Results Short Term Medium Term Long Term n Controls \
1-6 months 7-24 months >24 months
No. (%) No. (%) No. (%) No. (%)
Class I 346 (76.1) 256 (67.9) 194 (59.1) 92 (51.1) 542
Class 11 94 (20.6) 98 (26) 110 (33.5) 77 (42.8) 285
Class III 15 (3.3) 23 (6.1) 24 (7.3) 11 (6.1) 58
Kl"otal 455 (100) 377 (82.8) 328 (72.1) 180 (39.6) 885 J
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Figure 1 Recurrences of treated aneurysms in the follow-up.

group of minor recurrences, the mean+SD to
develop and stabilize the recurrence after the
treatment was of 25.7+16.48 months. It was
31.6+15.77 months for major recurrences. For-
ty aneurysms (8.8%) were retreated during a
mean period follow-up of 17.9+12.29 months
after initial endovascular treatment. Eleven
aneurysms showed a second recurrence which
appeared after a mean follow-up of 13.2+7.44
months. Seven aneurysms presented a minor
re-recurrence and four major re-recurrences.
A new retreatment was performed in these
cases (mean follow-up of 8.4+4.82 months).
One patient (0.2%) experienced a bleeding

Table 2 Angiographic results and recurrence.

episode during the follow-up period (45
months after your treatment). Complete occlu-
sion was observed in 330 aneurysms (74.3%)
and 122 of those presented recurrences
(26.8%), minor in 18% and major in 8.8%. Af-
ter all retreatments, the rate of complete oc-
clusion increased for 354 (77.8%). For this
group minor recurrences stayed stable (20.2%)
and major recurrences decreased considerably
(0.9%). The retreament of recurrent aneu-
rysms decreased 9.8 times the risk for major
recurrence. Final angiographic results, stability
and class changing during the study can be
seen in Table 2.

-~

Angiography Results
(before any retreatment)

Final Results
(after overall retreatment)

No. (%) No. (%)
Complete Occlusion 330 (72.5) 354 (77.8)
Incomplete Occlusion 3 (0.7) 5(1.1)
Minor Recurrence 82 (18) 92 (20.2)
KMajor Recurrence 40 (8.8) 4 (0.9) P<0.001 j
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Factors Associated with Recurrences

Age (p=0.149), sex (p=0.328), treatment
during period of angiographic vasospasm
(p=0.097), aspect ratio (AR) (p=0.303), bal-
loon remodeling technique (p=0.463), and an-
eurysmal location (p=0.146) presented no sig-
nificant influence on recurrences. The size and
immediate angiographic results proved a sig-
nificant risk factor for recurrence in the uni-
variate analyses, however when analyzed by
multivariate logistic regression, they were not
significant. According to appropriate analysis
(logistic regression), the most significant pre-
dictors of recurrence in the overall group were
acutely ruptured aneurysms (p=0.032), popula-
tions with single aneurysms (p=0.024), neck
size (p=0.003), and length of follow-up period
(p<0.0001). The analysis of the recurrences

Table 3 Recurrences and nature of lesions.

and nature of lesions are summarized in Table
3. Comparing the populations of patients with
single and multiple aneurysms, we identified
that the group with single aneurysms were
most susceptible to recurrences (p=0.024) (Ta-
ble 4). Aneurysms with necks wider than 4 mm
had a significantly higher risk of developing a
recurrence (p=0.003) (Table 5). The patients
were divided into three groups according to
the length of angiographic follow-up; the six-
month-controlled group was at lesser risk of
showing a recurrence compared to the two
groups with longer follow-up (seven to 24
months and 24 months or more). The recur-
rence rate increased according to time of fol-
low-up (Table 6). Significant factors predicting
the risk of developing any type of recurrence
and studied by logistic regression are summa-
rized in Table 7.

/ Recurrence p-value Minor Major p-value \
No./n (%) n (%) n (%)
Ruptured 261 /80 (30.6) 55 (21) 25 (9.6)
0.032 0.090
Unruptured 194 / 42 (21.6) 27 (13.9) 15 (7.7)
No. - number of aneurysms analyzed
v - number Of recurrences aneurysms J
Table 4 Population with single and multiple aneurysms.
/ Recurrence p-value Minor Major p-value \
No./ n (%) n (%) n (%)
Single 276 / 88 (31.9) 58 (21) 30 (10.9)
0.024 0.009
Multiple 179 /34 (19) 24 (13.9) 10 (5.6)
No. - number of aneurysms analyzed
&L - number ofrecurrences aneurysms J
Table 5 Recurrences and neck size of aneurysms.
/ Recurrence p-value Minor Major p-value \
No./n (%) n (%) n (%)
Neck
Small 311/72 (23.2) 55 (17.7) 17 (5.5)
0.056 0.003
Large 144 / 47 (32.6) 24 (16.6) 23 (16)

No. - number of aneurysms analyzed
v - number of recurrences aneurysms
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Discussion

The most important mechanism of aneurys-
mal exclusion by endovascular treatment is the
deployment of platinum coils in an aneurysm
through an endovascular microcatheter. When
the aneurysm is densely packed with coils
thrombosis occurs, excluding the aneurysm
from the circulation 2. Some authors propose
that a complete isolation from the cerebral cir-
culation and an established occlusion depends
on two synchronous phenomena that occur at
the level of the provisional matrix provided by
clotting. The balance between endothelial cells
that attempt to restore a patent lumen with
mesenchymal cells invading the provisional fi-
brin matrix to secrete collagen 2’2, This en-
dothelial response is probably one of the main
factors involved in the recanalization of aneu-
rysms.

The angiographic results of the aneurysms
treated by endovascular approach show that
the first recanalization signals appear prema-
turely in the first six-month follow-up !!, which
was been observed in this study. Blood circula-
tion in the net coils permits neointimal forma-
tion in the free space of the coil surface that
impede complete blood clot organization in the
intrasaccular space *.

Table 6 Length of follow-up period and recurrences.

In this study, following the patients in a time
line, we noticed that two distinct groups ap-
peared. One that evoluted progressively to ma-
jor recanalization and another that remained
with stable angiographic results. Many aneu-
rysms demonstrated very small angiographic re-
currence in the neck as a remodeling of the ar-
tery wall. This new angiographic aspect found
repeatedly in the post-treatment angiographic
control can be considered a new anatomy of the
arterial lumen 34. This new anatomy of the par-
ent vessel remained stable despite the succes-
sive angiographic controls. The stability rate of
the aneurysmal occlusion found during this
study after all treatments, strongly suggests the
hypothesis of the new anatomy of the arterial
lumen. No hemorrhage or evolutive angiograph-
ic alteration case were found in this population.

However, in the other population, we ob-
served that the recurrence of intracranial aneu-
rysms is progressive. The angiographic follow-
up time is undoubtedly the main factor of reca-
nalization and the more we follow the aneu-
rysms over time, the more recurrences we will
find. Still, time is an unchangeable and inevita-
ble factor. Neck size was another important
factor involved in the recurrence of aneurysms.
A small neck was more frequently associated
with minor recanalization (17.7%) and stability

/ No. Recurrence p-value Minor Major p-value \
No./n (%) n (%) n (%)
1 to 6 months 104 7 (6.7) 5 (4.8) 2 (1.9)
7 to 24 months 172 41 (23.8) <0.001 34 (19.8) 7 (4.1) <0.001
> 24 months 179 74 (41.3) 43 (24) 31 (17.3)

No. - number of aneurysms analyzed
n - number of recurrences aneurysms

Table 7 Logistic regression on overall recurrences.

K p-value
Single aneurysm 0.003
Ruptured aneurysm 0.028
Neck >4 0.024
Size > 10 0.16
Immediate angiographic result
Class I 0.705
Class II or III 0.051
Time of follow-up (months) <0.001 J

397



Angiographic Results in Intracranial Aneurysms Treated with Inert Platinum Coils

of recurrence. An interesting fact observed in
this study was that the size of the aneurysm did
not influence the recurrence rates.

All new embolic materials and assisted em-
bolization were excluded, except balloon re-
modeling technique, because it is retrieved af-
ter coiling. This technique was important in im-
mediate angiographic results but did not influ-
ence recurrence.

An unpublished finding stated that popula-
tions with a single aneurysm were more suscep-
tible to recurrences than those with multiple
aneurysms (p=0.024). For the major recurrenc-
es the difference was almost twice superior,
10.9% to 5.6% (p=0.009). These results were
also confirmed by logistic regression (p=0.003).
This population comprised either ruptured or
unruptured aneurysms. Probably the physio-
pathologic mechanism of the genesis of single
intracranial aneurysm recurrences is not the
same as those involved in multiple aneurysms
and subpopulations of patients with different
behavioral aneurysms may exist.

The recanalization rate of ruptured aneu-
rysms was superior in almost 10% compared to
unruptured aneurysms.

When we analyzed the retreatment, the ma-
jority of retreated aneurysms were completely
excluded at the end of embolization (92%).
The stability of retreated aneurysms was
reached in a greater number of cases (87.5%).
Despite this, new recurrences were observed,
almost all of them minor, and the risk of major
recurrences decreased considerably (p<0.001).

The effect of packing on the stability of em-
bolized aneurysms remains controversial
16173530 but unfortunately, as a retrospective
study, these measurements were not available
for systematic review.

Rerupture of aneurysms treated by either
coil embolization or surgical clipping has rarely
been described after the first year 7. Late re-
treatment is common after coil embolization,
and very poorly studied by surgical groups, and
the complication rates for endovascular re-
treatments are low 38. Thus, late events are un-
likely to overwhelm differences between pro-
cedures at one-year follow-up . The ISAT
study identified any risk factors for late retreat-
ment after EVT: younger age, larger lumen size,
and incomplete occlusion 5. Rebleeding rates
overall were not statistically different between
the two treatment cohorts (three of 1012 versus
seven of 1096; p=0.3), aneurysm retreatment
did not cause significant additional morbidity

and the data indicate that successful additional
coiling decreases the risk of rebleeding !5. The
benefits of the endovascular technique contin-
ued for a period of seven years with a lower
annual risk of death compared to clipping (p =
0.03) and a slightly increased annual risk of re-
bleeding, but was not statistically significant (p
= 0.22) %,

The CARAT Study 2008 showed that the de-
gree of occlusion of the aneurysm is a strong
predictor of subsequent risk of rupture in pa-
tients with subarachnoid hemorrhage, the goal
of the endovascular treatment of intracranial
aneurysm being to achieve complete occlusion
4. Recently, the ISAT Study 2009 showed that
the risk of death in five years was significantly
lower in the coiled group compared to the
clipped group .

Several criticisms about recurrence have
been made for endovascular treatment com-
pared to clippling; however, not all clipped an-
eurysms are controlled. The interventional neu-
roradiologists perform angiographic controls as
routine. Angiogram control of clipped aneu-
rysms is not an adopted routine in several neu-
rosurgery services, and even when performed,
they are almost never done in the long term.
Wermer et al. showed that in patients who had
recovered to an independent state after an epi-
sode of aneurysmal SAH and in whom all de-
tected aneurysms were treated by means of
clipping, the risk of a recurrence in the first ten
years after treatment is 22 times higher than
the risk of SAH in a healthy cohort of compa-
rable age and sex¥. Kivisaari and Hernesniemi
published in 2004 that even after surgery by ex-
perienced neurosurgeons, neck remnants are
found in nearly 10% of the cases 2. This point is
important in the discussion about angiographic
controls in patients with intracranial aneurysms
treated by clipping or coiling. No trial compar-
ing angiographic results in patients treated by
coiling and clipping during long time follow-up
has been designed to date.

Conclusions

Angiographic recurrences after endovascular
treatment of aneurysms with inert platinum
coils are frequent, but minor recurrences tend
to be stable and do not a represent risk for the
patients. Although the majority of these recur-
rences occur early during the first year, they
can appear years after treatment.
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Subpopulations of aneurysms with different
behaviors could be considered. Single aneu-
rysms, ruptured aneurysms, neck > 4 mm and
time of follow-up were statistically significant
risk factors for recurrence after endovascular
treatment.

The retreament of recurrent aneurysms de-
creased the risk for major recurrence by 9.8
times. Stable minor recurrences which could
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